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ABSTRACT

An apparatus and a method are disclosed for cushioning
and maintaining an object by a device having a quantity
of granular material that is located in a retaining ele-
ment. The retaining element is divided into compart-
ments which contain the quantity of granular material.
The retaining element and the granular material are
located within an inner volume of a sealed housmg The
retaining element is made from a material that is perme-
able to gas, but impermedable to the granular materials,
while the sealed housing is made from a material that is
impermeable to gas the effect of such compartmenting
1s to keep the granular material in place within the re- -
taining elements, even when the housing is at atmo-
spheric pressure in order to preserve a constant thick-
ness of the device.

11 Claims, 4 Drawing Sheets
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METHOD, DEVICE AND PADDED PRODUCT FOR
MAINTAINING AN OBJECT

No. 07/139,254, filed as PCT FR87/00115 on Apr. 8,
1987, published as WO87/06209 on Oct. 22, 1987, now

abandoned.
BACKGROUND OF THE INVENTION

The invention relates, in general, to maintaining in
position an object or a body, by means of a granular
matenal placed inside a sealed and depressurized hous-
Ing.

According to these two documents, the object or the
body to be maintained is placed externally to the inside
volume of the sealed housmg containing the granular
material. Said housing is wrapped around the object or
body, while remaining external thereto. For certain
ob_]ects of distorted outlines, the support that is obtained
1s not absolutely good.

Another drawback linked to the technique descrlbed
in the aforesaid documents is that the granular material,
being loose inside the sealed housings, has a tendency to
accumulate megulaﬂy in one area of the housing, under
- the effect of gravity for example, as long as rigidifica-

tion is not, at least partly, obtained. |

SUMMARY OF THE INVENTION

According to the invention, the object to be main-
tained or packed is actually placed inside the sealed
housing, directly in the granular material. Said material

5

2

nal seams closed by a transversal seam, and in injecting
the granular material in the resulting blind spaces.
Said granular material 1s preferably injected horizon-

tally by means of pipes of which the upstream end,

which is placed inside a reverse of particle material,

‘receives a jet of compressed air sent by an injector.

Another disadvantage of the devices disclosed in

‘documents FR-A-1270 443 and 1 437 194 is that they do
10

not allow a compressive support.
It is also the aim of the invention to overcome this

- disadvantage with a general disposition permitting a
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can thus completely adopt the outline of the object and

considerably improve the support. The granular mate-
rial can be loose, or preferably, re-grouped in small
air-permeable bags.

35

Accordmg to the invention, the grannular matenal is
placed in retaining elements which are divided into -

compartments and placed in the inner volume of the
housing. The effect of such compartmenting is to keep

‘the granular material in its place, even when the hous-

ing is at atmospheric pressure, and to preserve a con-
stant thickness thereof, which is a sign of its efficiency:.
~ The efficiency is indeed dependent, for a given weight
and geometry of the object, of the thickness of the gran-
ular protection and of the depressurization.

Said retaining elements may be produced directly
from the housing walls, but preferably, said elements
are constituted independently of the housing, and posi-
tioned inside the housing.

Said elements are of course impervious to the granu-
lar material that they hold, but they are preferably to air
so that the depressurization of the housing can be car-
ried out in a very simple way. -

Advantageously, the retaining elements are consti-

~ tuted by a mattress of juxtaposed tubes filled with said
granular material. Said tubes have walls of supple mate-
rial, advantageously a textile sheet which is elastic in a
direction which is transverse to the longitudinal direc-
tion of the tubes.

The padded product according to the invention, de-
signed first and foremost for filling compartments of
sealed depressunzed housings of any type whatsoever,
has intrinsic qualities which enable it to be used in many
other applications, especially when it is constituted by
tubes of cellular-type fabric (netted gauze) filled with
expanded polystyrene balls.

One method for producing such padded product
consists in assembling two layers, by means of longitudi-

45
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considerable improvement of the possibilities of utiliz-
ing depressurized pouches.

According to the invention, the pouch may comprise,
adjoined to the depressurized housing in the extending
direction thereof, at least a second sealed housing,
which may be filled with a fluid, granules, or a mixture
of both, depending on the proposed applications.

The first housing is preferably divided into compart-
ments, extending in its longitudinal direction, so as to
prevent losseness of the granules. To the same end, a
granule-maintaining material can be provided, prefera-
bly a fibrous material for trapping the granules.

The invention is more particularly applicable to the

production of packages and of supporting devices, as

well as to the production of mattresses, such as bed-
sores-preventing mattresses.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the invention
will emerge from the following description of several

-embodiments. Reference will be made to the accompa-

nying drawings in which:

- FIG. 1is a perspective view of a pouch used in a first
method for maintaining and packaging an object ac-
cording to the invention.

FIG. 2 is a perspective view of a mattresses laid flat,
used in a second method for maintaining and packaging
an object accordmg to the invention.

FIG. 3 is a side view of the matress of FIG. 2 which

has been wrapped around the object.

FIG. 4 is a perspective view of a packaging housing
in envelope form according to the invention.

FIG. 5 is a front view of a padded product specifi-
cally designed for filling enclosures according to the
invention.

FIG. 6 is a diagrammatical cross-section of a first
embodiment of a multiple housing.

FIG. 7 is a diagrammatical cross-section of a second
embodiment of a multlple housing.

FIG. 8 1s a plan view of a third embodiment of a
multiple housing.

FIG. 9 is a front view of a fourth embodiment of a
multiple housing.

FIG. 10 1s a front view of the first embodiment of
multiple housing.

FIG. 11 is a dlagrammatlcal cross-section of a fifth
embodiment of a multiple housing designed to form a
bedsores-preventing mattress.

'FIG. 12 is a diagrammatical elevation view of a ﬁ]ling
installation for the padded product such as shown in
FIG. §.

FIG. 13 is a diagrammatical plan view of the filling
installation of FIG. 12.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

According to FIG. 1, the object 1 to be maintained is
placed inside a bag or pouch 2, closed on three sides,
containing also the granular material 3 loosely dlStI‘lb-
uted around the object 1.

'The pouch may be of the type used for vacuum-pack-
aging and be in a supple and tight material, such as
polyurethane or polyvinyl chloride or other eqmvalent

4

The mattress 5 can have various forms and dimen-

" sions and can be used not only to entirely cover the

10

plastic materials, which may optionally be arranged in

several thicknesses.

After placing the object and the granular materlal
inside the bag, the open side of said bag is closed in tight
manner by any method (adhesive bonding, double-face
adhesive means, high-frequency welding or heat-seal-
ing), in which a press with rigid or semi-rigid jaws is
used for compressing the two edges of the bag one on

the other.

15

Another method consists in folding the open‘ end of 20

the bag twice, then again, four times, then eight times,
etc., and in producing a compressive tymg-up of these

folds
It 1s also possible to use the bag and closing method

described in document FR-A-2 493 268, the teaching of 25

which is incorporated herein by reference.

The bag has a nipple 4 comprlsmg, in a manner
known per se, a valve permitting, in cooperation with
depressurizing means (vacuum-pump), the depressuri-
zation of the inside of the housing constltutmg the bag.

During the depressurization, the object is caught
within the mass of maintaining material created by the
differential pressure between the atmospheric pressure
and the residual pressure inside the bag. The object is
thus surrounded by a non-fragile compact mass. At any
point on the object situated inside the supporting mass,

object, but also to protect only part of it: for example,
mattresses can be molded into angle pieces to protect
the edges of a painting for transport purposes. Long and

narrow mattresses (for example 2 mXx0.13 m) can be

used to form supporting bandages Tests have shown
that the support obtained is not substantially compres-
sive. A self-gripping tape enables each winding of the
bandage to be secured on the preceding one. The thick-
ness of the band is kept constant due to the inner com-
partmenting of the bond as described hereinafter. If a
high compression is required, the sealed housing, ac-
cording to an embodiment to be described hereinafter.
Other apphcatlons are possible for the tightening (for
bonding purposes for example) and for haemostatis

-sleeves (when an antiseptic treatment is carried out

beforehand).
According to an embodiment illustrated in FIG. 4,

the sealed housing is shaped as an envelope 10 of which
the front wall 11 and back wall 12 are double, so as to
define between their plies the volume of the housing,
and to contain granular material. The object to be pro-
tected is slid into an opening 13 of the envelope between

the double walls 11 and 12, then the double flap 14 is

turned down over the front wall 11 to which it is fas-
tened by a fastening means, such as for example two

- complementary strips 15 of the adhering velvet type.

30

35

the resultant of the forces applied thereon is negligible,

because of the isotropy of the directions of the forces
applied by the atmospheric pressure.

For packaging very delicate and hollow objects,
presenting a narrow opening (such as a teapot), the
object may be filled with light mcompre551b1e material.

The granular material can be of various types:
crushed cork, sawdust, vermiculite, but preferably is
expanded polystyrene balls.

According to the packaging principle ﬂlustrated w1th
reference to FIGS. 2 and 3, the object to be protected is
not placed inside the sealed housing, but outside
thereof.

The housing can consist of sealed mattress 5 conta.m
ing the granular material. The matress can be consti-
tuted of two PV layers (2 to b 3 tenths of a millimeter
thickness) welded all around their periphery 6, for ex-
ample by high frequency welding, to contain the granu-
lar material, preferably balls of polystyrene. -

In order to avoid excessive malleableness of the ma-
tress S, a slight depressurization is created in the hous-
ing (through the valve-equipped nipple 7), before use,
this slightly rigidifying the assembly.

The object to be protected 8 is placed on the mattress,
and the matress is folded over itself and molded around
the object (FIG. 3). Another stronger vacuum pumping

operation is then effected (for example up to 800 mbar)

to make the assembly rigid and to ensure the support
and protection of the object.

Atmospheric air may be let in through the nipple 7 in
order to release vacuum and the packed object, and the
mattress is ready to be re-utilized.

45
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One only needs to draw the air out through the nipple
16 in order to drawn a vacuum such that the envelope
10 stiffens around the object to be protected. Said enve-
lope 10 can contain, on its external surface, indicia rela-
tive to its routing by the postal services. In this particu-
lar embodiment, as in the preceding ones, it may be
advantageous to produce each one of the plies, or at
least one of the plies, of the double walls with an alumi-
num foil, in order to prevent heat tranfer through radia-
tion (the transfer through convection being naturally
eliminated during the containment) and to make the
package isothermal.

The depressurization created in the housing accord-
ing to the invention is dependent on how long the pro-
tective cocoon formed by the rigidified granular mate-
rial 1s expected to last. Bags pressurized to 200 mbar
have been found very satisfactory for protecting very

delicate objects. Smaller depressurization is preferred

when seeking visco-elastics effects.

The package obtained according to any one of the
foregoing embodiments can be associated to inflatable
elements in order to be placed inside a container (see for
example documents FR-A-1 553 180, FR-A-2 190 096
,JFR-A-2 574 639).

Whether with the method according to FIG. 1 or

- with that according to FIGS. 2 to 4, it is highly advanta-
33

geous to provide, inside the housing, retaining elements
for the granular material. The retaining elements divide
the inner volume of said housmg into compartments,
which will prevent any excessive accumulation of the

material in a particular part of the inner volume, under

the effect of gravity for example, before the depressuri-
zation. Such compartmenting must be impermeable to
the granular material and permeable to gass (such as air)
so as to enable the depressurization of the whole assem-
bly in only one operation.

Although it is conceivable to produce the compart-
menting directly with walls of the housing, it is more
advantageous to produce it independently in the form

- of a mattress 20 of juxtaposed tubes, made of a flexible
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material impermeable to the granular material, and
filled with said granular material. Said mattress 20 is
then introduced into the sealed housing, singly or with
other mattresses.

FIG. 5 shows such a mattress 20. It is produced by
assembling two layers 21,22 of fabric (in Nylon or poly-
ester fibers for example) which are supple and aerated
(so as to be air-permeable), so as to have longitudinal
parallel seams 23 defining between them tubes 24 which
are force-filled with polystyrene balls. The fabric of
layers 21,22 1s advantangeously produced by a mesh-
work extensible crosswise to the tubes. This gives a
certain transversal elastlclty to the tubes, which enables
a permanent gnppmg pressure to be maintained on the

filling material, improves the stability of the mattress

and makes it more malleable.

The fabric is preferably practically mextens1b]e in a
longitudinal dlrectlon, so that the mattress cannot be
deformed when it is suspended. |
~ The size of the mesh is less than the dimensions of the

granular filling material: in the case where the balls are

formed of pre-expanded polystyrene, the diameter of

the balls is generally between one and two millimeters.
‘When the mattress is used inside a depressunzcd enve-
lope, the size of the mesh is selected to be sufficiently
large, compared with the preceding limitations, to
allow depressurization as quickly as possible.

The seams 23 are generally regularly spaced, for
example of 5, 7.5 or 10 cm, corresponding to a dlameter
of the tubes 24 of 3.2, 4.8 and 6.6 cm.

- The mattress 20 accordmg to the mventlon although_
advantageously used in combination with sealed hous-
ings, can also be used as is for varied applications.

It can be used as an insulating cover (swimming
pools, lorries, containers), or as a surface or subsurface
covering from walls, ceilings, floors, with a sound and

heat insulating effect, and with an original decorative

effect.
It can also be used for making drapes, bedcovers,

‘mattress and pillow covers because of its comfortable
contact which distributes the pressures and gives a sense

of ventilated warmth. It can be used for producing

isothermal clothing such as helmets, leg guards, gloves
or various protections. It can also be used to produce
animals’ beds or litters.

Depending on the intended applications, the balls of
polystyrene can undergo a coloring, antistatic, antisep-
tic or other such treatments. For example, the padded
product according to the invention can serve, after an
antiseptic treatment, as a bedsores-preventing mattress.
The textile layers are permeable to liquids, so that the
mattress can drain any liquids collecting therein.

- Although the balls of pre-expanded polystyrene con-
stitute the preferred filling material, other light and
resilient materials are also suitable.

As indicated heremabove, the depressurized housing
according to the invention is preferably associated with

at least a second sealed housing, containing a fluid or

granules.

In FIG. 6, the pouch 31 comprises two adjacent hous-
ings 32 and 33 defined by flexible and deformable outer
walls 34 and 35, of which the lateral edges 37,38 and

6 _
Housings 32 and 33 also have valves 40 and 41, which

~ are connectable with depressurization or compression

10

15

20

25

‘means, such as a double-acting pump.

Housing 33 containing the balls is designed to be
depressurized so as to be made rigid while retaining the
natural or imposed shape that it had before being de-

pressurized.
~ As to housing 32, its filling up is dependent on the
uses to be made of the pouch, as will be explained here-
inafter.
FIG. 7 pouch 31 is an improvement of the pouch
shown in FIG. 6, according to which the housing 33’
comprises two layers 42,43 of a fibrous material, such as

' a synthetic wadding, between which the balls 39’ are

loosely deposited. Said balls are less inclined than in the
previous embodiment illustrated in FIG. 6 to accumu-
late in one part of the housing when the pouch is han-
dled before being depressurized, due to the fact that
they remain slightly trapped by the fibers protecting
from the layers 42 and 43. Also, at least for certain
materials constituting the balls and the fibrous layers,
static electricity phenomena occur, which hold them
into place. The fibrous material layers 42,43 are, of
course, porous and are crushed when the housing 33 is

depressurized, but recovers them volume due to their

- elasticity if the depressurization stops.

30

35
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60

longitudinal edges are thightly assembled together by

adhesive bonding, autogenous welding, or other means.

The housing 33 contains a multiplicity of balls 39, for
example made of expanded polystyrene, deposited
loosely and in sufficient quantity to form a certain thick-
ness.

65

The balls are even better kept in place if the pouch 31’
or at least the layers 42,43 of the housing 33’ are com-
partmented, for example by means of seams 44,45 paral-

lel to the longitudinal and lateral edges 37',38'. Said

seams 44,45 bring the layers 42,43 close together and
define compartment 46 which are virtually sealed and

prevent the passage of the balls, but which seams are
not fluid-tight. Therefore, they cannot prevent the de-

pressurization of the whole housing 33', which may be
accomplished through only one valve 40'. Other com-
parmenting means can be used for the walls 34,35,36 as
long as they do not affect the tightness thereof.

In particular, the preferred embodiment of the com-
partmenting is that which uses the a padded mattress
product of the type described hereinabove with refer-
ence to FIG. §.

The pouches can have any shape and dimensions
depending on the uses.

For example, they can be flat, rectangular or square,
as illustrated in FIGS. 6 to 8, or cylindrical as illustrated
in FIG. 9 where the pouch 31” is shown to have an
internal housing 33" filled with balls 39"’ and an external
housing 32", both housing being defined by supple and
deformable walls. External wall 34" of housing 32", for
certain applications, can be relatively rigid, like the
outside of a box. In this particular embodiment, it is
possible to use a simple double acting pumping means to
accomplish the depressurization of one of the housings
and the compression of the other. |

" The pouch 31" shown in FIG. 9 can, for example, be
used for packing delicate objects which are placed in
the internal space 47", First, the object is placed in this
space when the housing 32”,33" are at atmospheric
pressure; then, the balls-containing housing 33" is de-
pressurized, which can optionally be achieved by di-
recting the air exhausted from housing 33" into housing

32". Thus, housing 33" rigidifies around the object

placed in the space 47" and this rigid housing is pneu-
matically suspended by way of the inflated housing 32"

Depending on the degree or the rate of pressurization
of housing 32" with respect to the depressurization of
housing 33", it is possible to improve the molding of the
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latter, which is not yet completely rigid, over the
wrapped object.

The advantage of this device is that it retains a regu-
lar outer shape, which can fit in any type of standard
package (cardboard boxes, special transportmg cases,
etc.).

Such a device is also suitable for producmg splints or
other limb-supporting devices.

In certain applications, the depressurizable housmg
can be placed on the outside, and the pressurizable
housing on the inside. .

One disadvantage of the device shown in FIG. 9 is
that it requires to be produced in several sizes to accom-
modate various sizes of the objects to be packed.

This is why it is more advantagecus tousea pouch 31
or 31’ of the type of that shown in FIG. 6 to 8, which
can be rolled around an object. The pouch 31 or 31’ can
be equipped with means for fastening it around the
‘'Oobject, at least temporanly, until the rigid state caused
by the depressurization is reached. Such means can
“consist, for example, of a self-gripping strip, of which
the loop and hook elements are respectively provided
on the faces 34 and 35 (or vwe-versa) of the pouch.

FIG. 11 shows a cross-sectional view of a pouch 101
with three contlguous sealed housings 102, 103 and 118,
which pouch is designed to form, whether singly or in
combination with other similar pouches, a bedsores-pre-
venting mattress.

‘The housings can be produced separately, and super-
posed and interlocked, either permanently (by adhesive
bonding, welding, etc.) or removably (by way of re-
movable adhesive means).

The central housing 103 is filled with balls of resilient
material and has a depressurizing valve 110. Said hous-
mg is designed to be molded around the patient, accord-
ing to a known method, but in considerably improved
conditions owing to the presence of the lower housing
118, equipped with a valve 119, which is filled with a
liquid, or 2 mixture of liquid and balls, and designed to
exert a uniforin pressure towards the person leaning
thereon. The form molded in this way contributes to
reducmg the ischaemic effect. The upper housing 102,
which is in contact with the patlent is initially empty
while the central housing 103 is being depressurized.

Then 1t is filled with a fluid so as to form a cushion

between the rigidified central housing 103 and the pa-
tient, threby improving comfort, constituting like a
synovial pouch in an articulation, and, hence, reducmg
the friction and shear stresses which are in the origin of
‘bedsores. Alternatively, it is possible to fill the house
102 with a mixture of balls and liquid, and to depressur-
ize it slightly, the degree of depressurization being con-
trolled to obtain the wanted Sprleness and softness.
The wall 104 of housing 102 which is in contact with
“the patient, is selected for its physiological and psycho-
logical comfort and should be of a sufficiently thick
and/or rigid elastic material so as not to form creases.
The pouch shown in FIG. 6 can also be used for
splints. In this case, the housing 32 is slightly inflated
and the housing 33 slightly depressurized, so as to form
a viscoelastic layer. The pouch is laid flat, the air-con-
taining housing being underneath in order to distribute
the pressures when the patient’s body is settled on the
granular housing. When the body is in the desired posi-
tion, a substantial vacuum is created inside housing 33 in
order to fix the form and hold the body in position.
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8

The above-described pouch 31, with its viscoelastic
effects, can also serve as a bedsores-preventing mat-
tress, or as a mattress for premature babies, etc.

Understandably, all the features illustrated in FIGS. 6
and 7 may be incorporated into the embodiment illus-
trated in FIG. 11. The compartmenting according to
FIG. 8 causes, for example, the rigidified housing 103 to

‘behave as a plurality of rigid “facets” with slight articu-

lation between them: as a result, the bedsores-prevent-
ing mattress according to the invention adopts perfectly
the form of the patient in the desired position, while
tolerating changes of position of the patient.

FIGS. 12 and 13 illustrate the principle of a machine
for producing the padded product of FIG. 5.

Beforehand, the two layers 21 and 22 have been as-
sembled by parallel seams 23 with a sewing-machine
which can work simultaneously through the whole
width of the layers (for example 1.60 m or 3.20 m), and
by a transversal seam 25 designed to close one side of
the mattress.

Then, the ends of filling pipes 130 are introduced into
the open ends of the parallel tubes thus formed. In fact,
according to the embodiment illustrated in FIGS. 12
and 13, the tubes are placed over the filling pipes 130,
and are turned up slightly over said pipes 130 due to
rollers 131 covered with a friction material rotatable in
the direction of the arrows (FIG. 12), until the bottom

of the tubes corresponding to seam 25 reaches substan-

tially the level of the end of the filling pipes 130.

Pipes 130 can be partly flexible, or they can be rigid.
In this case, the spacing of them must be that of the
tubes in the filled state.

Then, granular material is injected into the hoses, the
effect of which is to push the swollen tubes as they are
being filled, toward the right in FIGS. 12, 13.

The rollers 131 are used for braking the backing
movement of the mattress and for allowing its uniform
and slightly pressurized filling (by stretching the fabric
constituting the layers).

When the desired length of padded product has been
filled, then its open end is closed, for example by an-
other transversal seam. |

‘The discharge end of pipes 130 may be cylindrical or
preferably funnel-shaped, thus helping the injection of

low density materials, and permitting that the fabric be
stretched over the funnel.

It is conceivable that instead of having to assemble

the layers 21, 22 by said parallel longitudinal seams

beforehand, this assembling operation can be performed
simultaneously with the filling operation, a little up-
stream thereof, by: bringing the layers 21, 22 continu-
ously by the top and by the bottom; continuously sew-
ing them longitudinally; and, at predetermined inter-
vals, closing them transversally.
The transversal closures may be produced:
by seams (using an overcasting machine or by a chain
stitching machine),
by heat-sealing using another material such as poly-
ethylene, if the material constituting the padded
product is quite thin and aerated,
by adhesive bonding, using various resins,
by folded edge clipping,
by steam-press permitting the compacting and weld-
- ing of the polystyrene to the bag heads over a
one-centimeter width.
The pipes 130 are advantageously fed with granular
material as follows.
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A feeding box 132 is placed under a hopper 133 and
receives the loose particled material 134. The upstream
ends of the pipes 130 are placed horizontally inside said
box 132 and comprise a funnel-shaped inlet 135. Coaxi-
~ally to and upstream of said inlets 135, injectors 136,
supplied by a common pipe 137 connected with a
- source of pressurized air, inject a jet of pressurized air
- carrying with it the surrounding particled material and
the force to penetrate into the funnel 135 and the pipes
130. The diameter of these pipes is greater than the
diameter of injectors-136. The flowing of the fluid is
thus made easier and causes a suction effect by the fun-
nels 135. The injectors 136 can be at a certain distance
from the funnels 135, or, when the respective diameters
allow 1t without any excessive restriction of the passage
left for the granular material, they can be fitted in the

h

10

15

pipes 130, which causes an even greater suction effect.

According to one embodiment intended to be filled
with balls of expanded polys'tjrrene, the following con-
figuration has been found to give satisfactory results:
diameter of the injectors 136: 6 mm, diameter of the

pipes 130: 14 mm and the largest diameter of the funnels

135: 24 mm, a distance of 18 mm separating the injectors
136 from the funnels 135. To prevent any interferences
between possible turbulence close to the outlets of in-
jectors 136, separating walls 138 are provided inside the
box 132 between adjacent injectors 132 and funnels 135.

The above-described padded product filling method

is particularly advantageous in that it has little or no

" inertia, it permlts a uniform and complete ﬁl.lmg without
creating in the padded products any excessive pressures
which may give rise to bulges in the material.

Up to now, it has been assumed that the granular
material has been injected in its final form: for example,
in the form of balls of expanded polystyrene.

It 1s also in accordance with the invention to inject
the granular material in an intermediate state: for exam-

ple, in the form of crude, non-expanded polystyrene. In

this case, the fabric of the padded product must be a
fabric which can withstand the temperature of expan-
sion (800°~100°), which expansion will be carried out in
situ.

The tubes are filled to about one seventh of their
volume, and the whole assembly is brought intc an
alternating and sweeping stream of hot air, to ensure the
‘mobility of the grains of polystyrene during the expan-
sion and to prevent clustering. It is also possible to
ensure mechanical mobility of the layer of fabric caught

in a supporting frame pivoted automatically.
~ The advantage of this method is that it makes it possi-
ble to store an intermediate padded product within a
small volume, to reduce transporting costs, and to en-
sure ready closing of the material after filling. On the
other hand, said method requires the subsequent step of
expansion, and the final product thus obtained shows
none of the tension of the material observed according

to the first method.

It is also possible, instead of starting with a crude

polystyrene, to start with a half-pre-expanded polysty-
rene of which the expansion is completed in situ. -

I claim:

1. A device for cushioning an object comprising:

(a) a quantity of granular material;

(b) a retaining element defining a plurality of closed
chambers, each closed chamber enclosing a portion
of the granular material such that the entire quan-
tity of granular material is enclosed by the retaining

20

23

30

35

45

33

60

65

10
element the retaining element made of material that
is permeable to gas and impermeable to the granu-
lar material;

() a sealed housing defining an enclosed inner vol-
ume and enclosing the retaining element within the
enclosed inner volume, the sealed housing being
made of a supple material impermeable to gas; and

(d) means to depressurize the enclosed inner volume

of the sealed housing, the retaining element pre-
venting any excessive accumulation of the granular
material in a particular part of the enclosed inner
volume before depressurization.

2. The device according to claim 1 wherein the sealed
housmg (10) is in envelope form, inside which envelope
can be placed the object to be cushioned, said envelope
being provided with a flap (14) equipped with instant
closing means.

3. The device according to claim 1 wherein the re-
taining element (20) comprise a mattress of juxtaposed
tubes defined by walls (21, 22) of a supple material
which is impermeable to the granular material filling the
tube.

4. The device according to claim 3 wherein the sup-
ple material forming the walls of the juxtaposed tubes is
a textile material.

5. The device accordmg to claim 4 wherein the textlle
material is partly elastic in a direction transversal to the
length of the juxtaposed tubes.

6. The device according to claim 1 further compris-
ing at least a second sealed housing (32, 102, 118), ad-

joined to said depressurizable sealed housing (33, 103).

7. The device according to claim 6 wherein the sec-
ond sealed housing (32, 102, 118) contains fluid material.

8. The device according to claim 7 further compris-
ing a third sealed housing (118) designed to contain a
fluid, the depressurizable sealed housing (103) being
interposed between the second (102) and the third (118)
sealed housings.

9. A device according to claim 6 wherein the second
sealed housing contains a granular material.

10. A method of cushioning an object comprising the
steps of:

(a) providing a cushioning device comprising:

(i) 2 quantity of granular material;

(ii) a retaining element defining a plurality of
closed chambers, each closed chamber enclosing

~a portion of the granular material such that the
entire quantity of granular material is enclosed
by the retaining element the retaining element
made of a material that is permeable to gas and
impermeable to the granular material;

(iii) a sealed housing defining an enclosed inner
volume and enclosing the retaining element
within the enclosed inner volume, the sealed
housing being made of a supple material imper-
meable to gas; and

(iv) means to depressurize the enclosed inner vol-
ume, the retaining element preventing any exces-

- sive accumulation of the granular material in a°
particular part of the enclosed inner volume
before depressurization;

(b) placing the object in the cushioning device; and

(c) depressurizing the enclosed inner volume.

11. The device according to claim 1 wherein the
plurality of closed chambers are defined by boundary

seams extending in generally orthogonal directions.
¥ % % =% =
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